In spite of the advances in knowledge on the multi-factorial nature of obesity, many questions related to the consequences of the disease continue to be unanswered. Several studies have reported biomechanic and kinematic adaptation and alterations in walking and in tasks of every day life, motivated by the additional load of fat mass in children and adults. The main objective of this study was to understand the effect of obesity in the electromyographic activity of four lower extremity muscles during three speeds of walking and during a countermovement jump (CMJ) in twenty two (9 obese and 13 normal weight) female adolescents aged 13. Although electromyographic differences were not observed between groups for normal, slow and fast speeds, data suggests that the preferred pace of the obese is less efficient than that of the normal weight group. In CMJ task, differences in the after-fall jump phase were observed. More studies are needed to explain if the few differences observed between groups are caused by the bigger amount of fat mass.
adolescents excess weight and obesity can lead to several bones, joint and muscular problems. In spite of the advances in knowledge on the multi-factorial nature of the disease, many questions related to the consequences of obesity continue to be unanswered. Another consequence of obesity is a deviation from normal gait pattern, low cadence and reduced speed, when compared with non-obese individuals (3) . Although kinematic studies (9) have demonstrated that subjects experience a greater difficulty in adapting to speeds of walking outside the normally chosen, and that this difficulty is more pronounced in obese individuals (gait cycle with greater stance phase, asymmetries in the lower limb).Some authors (7) have also found that obese subjects adopt a more erect posture, smaller knee flexion and a greater ankle flexion. Kinematic and kinetic differences between weight groups have also been reported for other motor tasks (15) . In one of these studies, the authors (12) , looked at the relationship between body anthropometry and performance in postural equilibrium tests. However few studies have tried to understand if biomechanical adaptations provoke changes in electromyographic (EMG) pattern of the obese during activities of everyday living. In one of these (10) , postulated that additional fat mass in the pre-pubertal obese children did not potentiate differences in electromyographic activity of the lower limb when compared with normal weight.
The present study aims to determine if biomechanic differences previously reported can induce alterations in the EMG signal of obese female adolescents during three different speeds of walking and during a jump motor task. It was hypothesized that the a bigger percentage of fat mass may provoke alterations in the electromyographic pattern of the anterior muscles of the thigh and flexors of the foot during normal, slow and fast gait speeds and during a jump task.
Methods
Before the beginning of the collection of the data the ethic and scientific counsel of de Faculty of Sport Sciences and Physical Education (University of Coimbra) and general counsel EB 2,3 Silva Gaio school (Coimbra, Portugal) gave there authorization for realization of the study.
Participants
Thirteen normal weight and nine obese female adolescents gave their own (and their parents) written informed consent to participate in this study. All had menarche, were in good health and had no prior history of musculoskeletal disorders. Normal weight subjects had an average age of 12.89 ± 0.62 years, an average body mass index (BMI) of 19.07 ± 1.74, an average percentage of fat mass (%FM) of 22.23 ± 2.74 and an average sum of seven skinfolds of 91.78 ± 20.29 mm. Obese adolescents had an average age of 13.59 years, an average BMI of 27.63 ± 1.86, an average %FM 39.53 ± 2.75 and an average sum of seven skinfolds of 205.4 ± 28.42 mm.
Measurements
For the assessment of %FM we used Brook's (Brook 1972 ) formula for children to predict Body density and the Population-Specific Formula for Conversion of Body Density in Percent Body Fat described by Heyward and Wagner (8) .
The nervous impulse was evaluated in four muscles, right and left rectus femoris (RRF and LRF) and medial gastrocnemius (RMG and LMG). The four channels used to access EMG data contained three gold-plated circular electrodes separated by a fixed distance of 20 mm, with the reference electrode offset by 10 mm. The active electrodes were placed parallel to muscular fibers as described in the Megawin protocol (Mega Electronics Ltd). The skin was previously cleaned with alcohol to reduce impedance. For the evaluation of gait velocity and jump height, the Ergojump Portable GLOBUS ref. GLO1.E TEST system was used.
Protocol
Participants performed a 10 m walking gait at three speeds, normal (most comfortable) and speeds 17% slower and 15% faster than the referred pace. For gait speed training it was asked to walk in very slow, slow, normal, fast and very fast speed to help gait speed normalization between participants. Some participants were not include in the sample because they have shown some significant different gait results, for slow normal and fast speeds, thus the majority have obtained.
The task was done with arms parallel to the trunk and looking straight ahead. After this task, subjects were asked to take place over the Ergojump system and perform a Countermovement jump (CMJ) as described in the Bosco (1983) protocol. Each participant performed two trials of the three speeds of walking and two trials of the CMJ. All subjects were previously informed of all the procedure, and doubts clarified before the EMG collection.
Data Analysis
Common mode projection (CMRR) was set greater than 110 dB. The electrical activity was record using the Megawin 6000 system, with a band pass filter between 8 and 500 Hz. The amplitude quantitative analysis of the electric potential was measured using the root mean square (RMS) with signal sensitivity of 1micro-volts (mV). Signal was rectified, smoothed and normalized to the maximum EMG obtained in the three gait tasks. For CMJ values normalization, the task was divided in four phases, countermovement, jump, fall and after-fall, with maximum EMG obtained in the jump phase.
Statistics
Analysis of variance (Mann-Whitney) was used to determine whether the mean EMG amplitudes were significantly different at the 0.05 level for the three speeds and CMJ between the normal weight and the obese group. The t test was used to verify the difference in velocity of the three speeds. Data analysis was done using the statistical program "Statistical Package for Social Sciences" (SPSS) version 15 for windows.
Results

Anthropometry
When comparing the normal weight group to the obese group significant differences (p ≤ .001) were found for BMI, %FM and the sum of seven SKF, with the obese group showing higher values.
Gait
In the gait task, the three speeds of walking were performed at statistically different speeds, this being an important point, when trying to find EMG differences between the three speeds. Both groups performed normal, slow and fast speeds at a similar velocity (Table 1) .
In both groups the lower EMG activity was found at normal speed while the highest was found at the fast speed, this pattern was observed in the four studied muscles.
In the normal weight group, significant higher values were found for the slow in relation to normal speed for LRF, RGM and LGM. Significantly higher activity was found in all four muscles in the fast speed when compared with the normal speed. Also in the fast speed significantly higher values were found for RRF, LRF and RGM in relation to the slow speed ( Table 2) .
In contrast to what was found for the normal weight group, no significantly higher values were found for the slow when compared with the normal speed, in the (Table 2) .
Comparisons between the EMG pattern of normal weight and obese groups in RRF, LRF, RGM and LGM showed similar results with no significant changes in the four muscles for the walking speeds studied (Table 3) .
When comparing the left and right rectus femoris (RF) and the left and right gastrocnemius (GM), results show differences in the left and right GM for normal speed in the normal weight group (Table 4) . No other differences were reported for both groups in the walking speeds studied.
Countermovement jump (CMJ)
CMJ was performed with no differences (p = 0,084) in height (m) between both Normal weight group (0,16 ± 0,06) and Obese group (0,12 ± 0,03). The amplitude results showed significant higher values in right and left gastrocnemius for the obese group in after fall phase jump (Figure 1 ), when compared with the normal weight group. Significant differences were also identified between right and left rectus femoris in the normal weight group (Table 5) . 
Discussion
Gait and jump are fundamental tasks of every day movements. They are considered to be smooth and gracious except, when biomechanics and functional obstacles exist. To better understand the effects of these barriers, the gait protocol comprehended the execution in three different speeds. Notwithstanding the temporal and kinematics dissimilarities reported during motor task in obese, those adaptations did not showed differences when compared with the normal weight group in the It as been demonstrated that EMG activity is at is maximum during fast speed and at a minimum during normal speed. Milner et al. (14) suggested that our preferred pace is the most comfortable and efficient in respect to energy waste, obtaining minimum EMG pattern when compared with slow or fast speeds. On the other hand, Hills & Parker (10) results did not corroborate this evidence, and suggested that neuromuscular patterning and associated efficiencies may not be present until later ages (10 years old) in the process of maturation. Our results seem to be in accordance with those of Milner et al. (14) considering that the normal weight group revealed a minimum EMG activity during normal and maximum during the fast speed. Taking in consideration that our sample had an average age of 13 and were in a forward state of maturation, the suggestions of Hills & Parker (10) also apply.
No differences were found between groups, the obese did not show differences between normal and slow speeds for any of the studied muscles, revealing perhaps a less efficient self selected speed. In adults, walking efficiency has been shown to be negatively correlated with body adiposity, rather than body weight (5) . A similar nonlinear increase in energy expenditure in obese adolescents with increasing walking speed (11) as also been demonstrated. The less efficient preferred pace in the obese adolescents of our study, probably reflect the adoption of an unusual walking speed, altered step frequency and greater vertical displacement of the center of gravity (17) .
Data regarding bipedal jump is very scarce. But many studies have been done with the purpose to understand the effect of adiposity on postural balance (12) finding correlations between BMI and anteroposterior movement of the ankle during quiet bipedal stance. Also it as been proposed that in overweight individuals, body size and shape influenced static postural stability by altering the location of the center of gravity.
In our study the countermovement jump (CMJ) task revealed significant differences between groups for left and right GM in the after-fall phase. This result shows that a bigger EMG activity has occurred in the final phase of the jump in the obese group (where subjects stopped in bipedal stance position). This could probably be explained by a greater angular displacement in ankle torque in the obese group. Corbeil et al. (6) proposed that the displacement of the center of mass (2cm) justifies a greater ankle torque to stabilize the body.
Conclusion
Although the obese group revealed a less efficient EMG pattern in the preferred pace when compared with the slow and fast speeds, when compared with the normal weight group there were no differences in the three speeds of gait. In the jump task a higher EMG activity was only found in the after-fall phase of the CMJ. The results were not clear if higher amounts of adiposity induce kinetic changes in lower limb and that those alterations are present in the EMG pattern. Additional work is required, with larger groups, accompanied with kinematics results, to ascertain the biomechanical changes.
